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I.  Summary 

Since  1  July,  1976,  the  Wyoming  Infrared  Group  has  been  under  contract 
by  Air  Force  Geophysical  Laboratories  (AFGL  contract  #F19628-76-C-0271) 
to  conduct  a  continuing  series  of  ground  based  infrared  measurements  of 
selected  sources  from  the  AFGL  Infrared  Catalog  (Price  and  Walker,  1977). 

The  data  acquired  during  the  past  three  years  form  a  promising  base 
upon  which  to  build  a  statistically  complete  analysis  of  the  infrared 
objects  populating  our  galaxy.  It  is  clear  that  additional  measurements 
are  required  to  complete  this  task.  Wyoming  observations  have  also  pro¬ 
vided  insight  into  the  nature  of  new,  and  in  some  cases  bizarre,  classes 
of  infrared  sources  which  were  discovered  by  the  AFGL  infrared  survey. 

Many  of  these  objects  appear  to  represent  important  phases  in  the  ongoing 
process  of  steller  birth  and  death.  Further  ground  based  studies  of  these 
sources  can  be  expected  to  clarify  their  role  in  the  timeless  scenario  of 
stellar  evolution. 

We  summarize  in  section  II  the  accomplishments  made  under  contract 
AFGL  F19628-76-C-0271 .  The  Appendices  contain  listings  of  data  acquired 
during  this  program  and  reprints  of  publications  that  have  resulted  to 
date. 
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1 1 .  Accomplishments  During  the  Past  Three  Years 

During  the  contract  period,  measurements  of  AF6L  sources  were  made  with 
Ga  -  Ge  bolometer  photometers  constructed  with  AFGL  funds.  These  photometers 
respond  at  effective  wavelengths  of  2.3,  3.6,  4.9,  8.7,  10,  11.4,  12.6,  19.5, 
and  23p  and  are  equipped  v/ith  helium  cooled  aperture  wheels.  Observations 
were  obtained  using  the  KPNO  50"  telescope,  the  UM-UCSD  60"  telescope  and 
(since  November,  1977)  the  92"  Wyoming  Infrared  Telescope.  About  302  of  the 
clear  time  available  at  the  Wyoming  Infrared  Observatory  (WIRO)  was  used  in 
support  of  measurements  for  AFGL.  AFGL  funds  supported,  in  part,  the 
construction  of  the  data  acquisition  electronics  hardware  for  the  Wyoming 
Telescope. 

About  half  of  the  1000  AFGL  sources  in  the  Wyoming  Right  Ascension  zone 
(2Gm  -  40m)  and  accessible  +  ...n  WIR0  have  either  been  searched  for  at  5,  10, 
or  2 Op  without  confirmation  or  have  been  located  and  measured  from  2.3  -  23;/ . 
These  data  have  led  to  several  interesting  results. 

A .  Completeness  of  the  AFGL  Catalog  and  the  Composition  of  the  Infrared  Skv 

The  data  sample  acquired  to  date  allows  us  to  form  some  preliminary 
conclusions  regarding  the  completeness  of  the  AFGL  Infrared  Catalog  and  the 
infrared  composition  of  the  sky. 

Cross-correlation  of  ground  based  magnitudes  and  AFGL  magnitudes  using 
our  limited  sample  suggests  that  the  AFGL  catalog  is  complete  to  [4p]  =  +1.3, 
[lip]  =  -1.5,  and  [20p]  =  -4.0.  Using  these  magnitude  limits  to  eliminate 
spurious  sources,  the  AFGL  objects  we  have  surveyed  appear  to  fall  into  two 
distinct  populations.  The  first  is  a  component  which  was  detected  by  AFGL 
at  4p  only.  Sources  in  this  group  have  a  high  rate  of  successful  cross  identi¬ 
fication  with  IRC  and  SA0  stars  as  well  as  a  rather  small  mean  [4.9]  -  [11.4] 
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color  of  '0.5  [see  figure  la)].  Thus,  the  "4u  only"  sources  are  probably 
associated  with  the  normal  cool  stel  lar  giant-supergiant  populations  in  the 
galaxy. 

The  second  population  consists  of  sources  detected  by  AFGL  at  lip  and/ 
or  20p.  Not  only  are  there  many  more  of  these  sources  than  there  are  "4p 
only"  sources  at  a  given  limiting  magnitude  but  they  tend  to  have  extreme 
[4.9]  -  [11.4]  colors  [see  figures  lb)  and  2a)  and  b) ] .  We  infer  that  a  new 
population  of  very  red  (and/or  cool)  sources  which  contributes  only  marginally 
to  the  4p  survey  is  present.  Photometry  of  a  selected  sample  of  these 
"long  X"  sources  (see  figures  3  and  4)  suggests  that  a  significant  percentage 
of  them  may  be  associated  with  critical  phases  of  star  birth  and  death  (Gehrz 
and  Hackwell,  1976;  Gehrz,  Hackwell  and  Briotta,  1978;  and  Gehrz  et  al . ,  1979) 
B.  Studies  of  Peculiar  Sources 

We  have  made  continuing  observations  of  selected  peculiar  sources  to 
achieve  insight  into  their  physical  nature.  A  number  of  anonymous  lOy 
sources  are  currently  being  monitored  for  variability.  At  least  one,  GL  3099, 
appears  to  be  a  very  large  amplitude,  long  period,  carbon  rich  variable 
(Gehrz,  Hackwell,  and  Briotta,  1978). 

GL  2636  has  been  shown  to  be  a  complex  of  new-born  infrared  stars  in  a 
region  of  possible  shock-front  induced  star  formation  (see  Gehrz  et  al.,  1979) 

The  data  obtained  to  date  form  a  solid  foundation  upon  which  to  build 
the  important  new  observing  programs  which  we  propose  in  section  III. 
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Figures 

Figures  la)  and  b):  [4.9]  -  [11.4]  color  index  versus  number  of  sources  for 

the  "4p  only"  and  "long  A"  populations. 

Figures  2a)  and  b):  Number  density  of  sources  versus  limiting  magnitude  for 

all  sources  (a)  and  the  "long  A"  population  (b).  A 
uniform  source  distrubution  would  give  a  slope  of  0.6. 

Figure  3:  Five  anonymous  AFGL  sources. 

Figure  4:  The  spatial  energy  distribution  of  AFGL  2636  at  four 

wavelengths. 


T 


4/i.  ONLY 
SOURCES 


LONG  X 
SOURCES 


0.5  1.0  1.5  2. 


[4.9]  -  [11.4] 


FIGURE  I. 


10 


ro 


T 


(  sjunoo  |oj68*u|  )  [ui]n  6o| 


CVJ 

I 


O 

u. 

< 


o 


I 

i 


+ 


o 


FIGURE  2a) 


FIGURE  2b) 


13 


APPENDIX  A 

Data  Acquired  During  the  Program 


11-19-73  UT 


OBJECT 

AM 

BEAM 

GL# 

2. 

3|j 

3. 

6y 

4. 

9y 

8. 

•  7y 

lOy 

11. 

,  4y 

12. 

6y 

19. 

•  5y 

23y 

Nova  Cyg  78 

1 

.18 

1. 

,  5mm 

+5. 

66 

+3. 

70 

+2. 

74 

+2. 

.06 

+2. 

06 

+2. 

.02 

+1 . 

86 

+2. 

.14 

RTLAC 

1 

.27 

1. 

,  5mm 

+6. 

.00 

+5. 

91 

+5. 

91 

+5. 

92 

R  PSC 

1 

.33 

1. 

,  5mm 

226 

+2. 

30 

+1. 

66 

+1. 

36 

+0. 

.78 

+0. 

,55 

+0. 

.22 

+0. 

,30 

-0. 

.06 

+0. 

30 

R  FOR 

2 

.6 

1. 

,  5mm 

337 

+  . 

90 

-0. 

20 

-0. 

75 

-1 . 

.80 

-1  . 

,80 

-2. 

.30 

-2. 

,00 

-1. 

.86 

BABY  STAR 

1 

.06 

1 

.  5mm 

+7 

.09 

+4, 

.93 

+3, 

.64 

+2 

.20 

+  1 

.92 

+1 

.75 

+1 

.10 

-1 

.55 

-2. 

57 

BABY  STAR 

1 

.11 

3 

mm 

+6, 

.89 

+4, 

.79 

+3. 

.44 

+1 

.95 

+1 

.68 

+1 

.53 

+0 

.71 

-1 

.63 

-2. 

76 

CQ  Aur 

1 

.02 

1 

.  5mm 

+6 , 

.48 

+6, 

.46 

+6, 

.27 

>+6 

.33 

S  CMi 

1 

.20 

1 

.  5mm 

1138 

+0. 

.56 

-0, 

.05 

-0. 

.16 

-0 

.71' 

-0 

.94 

11-21-79  UT 


OBJECT 

AM 

GL*  VAR 

2 . 3y 

3,6u 

4.9y 

3.7y 

lOy 

11. 4y 

12. 6y 

19. 5y 

23y 

0H45. 5-0.0 

1.65 

+8.41 

+4.89 

+3.19 

+1.46 

+1  .26 

+0.90 

+0.59 

-0.36 

+0.34 

0H42.3-0.2 

2.10 

+7.78 

+4.64 

+1.44 

+1.32 

+1.61 

+0.24 

-0.79 

-1.28 

BAnd 

1.04 

-1.95 

-2.09 

-1.89 

-2.05 

-2.04 

-2.14 

-2.06 

-2.07 

-2.09 

S  V  AQR 

1.70 

3083 

+1.22 

+0.86 

+0.79 

+0.36 

+0.09 

-0.40 

-0.29 

-0.84 

-0.37 

GL  3086 

2.28 

3086 

+1.25 

+1.19 

+1.12 

+1.16 

+1.25 

+1.05 

+1.47 

GL  3093 

2.35 

3093 

+0.90 

+0.95 

+0.91 

+0.72 

+0.91 

+0.67 

+0.71 

GL  3087 

1.11 

3087 

+1.59 

+1.43 

+  1.55 

+1.70 

+1 .62 

+1.55 

+1.68 

GL  3090 

1.13 

3090 

+0.71 

+0.50 

+0.75 

+0.55 

+0.57 

+0.45 

+0.55 

+0.28 

GL  3107 

1.12 

3107 

+2.03 

+1.83 

+1.91 

+  1.77 

+  1.85 

+  1.61 

BAnd 

1.01 

-1.88 

-2.08 

-1.87 

-2.03 

-2.07 

-2.14 

-2.04 

-2.14 

-2.11 

UX  ARI 

1.06 

+3.74 

+3.56 

+3.61 

+3.54 

+3.54 

+3.39 

+3.66 

HR  1099 

1 .33 

+3.14 

+3.00 

+2.94 

+3.04 

+3.03 

GL  606 

1.10 

606  TCAM 

+0.61 

+0.24 

+0.41 

+0.01 

-0.02 

-0.21 

-0.17 

-0.42 

-0.03 

BZTAU 

1.22 

619 

+2.39 

+1.65 

+1.21 

+0.65 

+0.28 

-0.13 

-0.17 

-0.91 

12-27-78  UT 


OBJECT 

AM  GL# 

2.3m 

3.6m 

4.9m 

8.7m 

10m 

11.4m 

12.6m  19.5m  23m 

Nova  Cyg  73 

1.69 

+7.57 

+5.54 

+4.57 

+3.06 

>+1.87 

SW  MON 

1 .24 

+2.89 

+2.66 

+2 . 66 

+2.40 

+2.21 

+1.93 

— +1 .41 

CRGEM 

1.15 

+1.44 

5-16-79  UT 


OBJECT 

AM 

GL# 

2 . 3m 

3.6m 

4.9m 

8.7m 

10m 

11.4m  12.6m 

19.5m  23m 

GL  1686 

1.56 

1686 

+2.49 

+1.48 

+0.99 

-0.54 

-0.95 

co 

00 

i 

CT) 

00 

-2.64 

GL  1822 

3.2 

1822 

+3.09 

+1.22 

OH  35.6-0.3 

1.5 

7-26-79  UT 


OBJECT  AM  GL#  10m 

(N) 


aLVR  1.00  +0.01 
GL  2154  1.53  2154  -2.23 
GL  2155  1.08  2155  -2.60 
GL  2174  1.68  2174  -0.29 
aLYR  1.07  -0.06 
GL  2350  1.25  2350  -1.50 
GL  2789  1.01  2789  -1.14 
GL  3099  1.20  3099  -2.0 
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7-27-79  UT 


OBJECT 

AM 

G  U 

2. 

■  3\J 

3.6m 

4 

•  9m 

8, 

•  7u 

10u 

11 , 

■  4p 

1 2 . 6p 

19.5m 

23|j 

aLYR 

1 

.25 

-0. 

.02 

-0. 

.03 

+0, 

.05 

-0. 

.02 

-0. 

,04 

-0. 

.03 

-0 

.05 

-0. 

.07 

GL2350 

1 

.64 

2350 

+3. 

.66 

+0, 

.90 

+0. 

,95 

-0. 

,81 

-1 . 

,28 

-1. 

,69 

-1 

.69 

-2. 

.37 

GL2316 

1 

.92 

2316 

+5. 

,89 

+2. 

.75 

+  1 . 

,44 

-0. 

,25 

-0. 

52 

-0. 

,81 

-1 

,11 

GL2290 

2 

.21 

2290 

+5. 

.76 

+1 . 

.94 

+0. 

.51 

-1  . 

,46 

-1 . 

61 

-1 . 

,81 

-2 

.31 

-2. 

.29 

GL2428 

1 

.39 

2428 

+5, 

,04 

+2. 

,82 

+1. 

,69 

+0. 

.39 

+0. 

11 

-0. 

,11 

+0 

.01 

-0. 

.24 

aLYR 

1 

.77 

-0. 

,05 

-0. 

,03 

+0. 

,02 

-0. 

,08 

BPEG 

1 

.06 

-2. 

,25 

-2. 

,45 

-2. 

.37 

-2. 

,47 

-2. 

.57 

-2 

.57 

-2. 

.69 

GL2789 

1 

.17 

2789 

+4. 

94 

+2. 

,42 

+  1 . 

,04 

-0. 

.57 

-1 . 

03 

-1 . 

,18 

-1 

.73 

-2. 

.75 

GL3099 

1 

.23 

3099 

+6, 

,50 

+2. 

63 

+0. 

,60 

-1 . 

.57 

-1. 

97 

-2. 

26 

-2 

.42 

?, 

,30 

-3.22 

GY37 , H I I #1 

1 

.16 

+4. 

14 

8-30-79  UT 

OBJECT 

AM 

GL# 

BEAM, 

THROW 

2.3m 

3.6y 

4.9m 

8.7m 

10m 

11.4m 

12.6m 

19.5m  23m 

aLYR 

1.01 

5", 10" 

-0.03 

-0.03 

-0.05 

-0.05 

-0.02 

+0.02 

+0.05 

GL1954 

2.21 

1954 

II  It 

+2.82 

+1.88 

+1.44 

+0.32 

-0.20 

-0.81 

-0.71 

-1.17 

GL2023 

2.75 

2023 

II  II 

+5.35 

+  1.77 

+0.25 

-1.54 

-1  .80 

-2.25 

-2.52 

-1.87 

vSGR 

1.84 

It  II 

+2.35 

+1.10 

+0.36 

-0.56 

-1.37 

-1.49 

aLYR 

1.01 

II  II 

-0.01 

-0.01 

-0.08 

-0.02 

-0.03 

-0.06 

-0.06 

HD200775 

1.14 

5"  ,7.3 

+4.64 

+3.47 

+2.91 

+1.98 

+1.76 

+1.49 

+  1.42 

+0.75 

HD200775 

1  . 1  5 

5", 23" 

+4.66 

+1.76 

+0.41 

GL2192 

2.88 

2192 

5", 10" 

+2.65 

+1.47 

+0.88 

-1.18 

GL2425 

2.58 

2425 

II  II 

+2.48 

+1.71 

+1.13 

-0.86 

-1.49 

V337AQL 

2.05 

II  II 

+7.62 

GL2290 

1.90 

2290 

II  li 

+5.82 

+1.88 

+0.30 

-1.61 

-1.91 

GL2316 

1.83 

2316 

II  II 

+5.33 

+2.83 

+1.34 

-0.45 

-0.86 

3LYR 

1.49 

II  il 

+2.90 

+2.73 

+2.56 

+2.37 

+2.17 

aLYR 

1.56 

II  II 

+0.02 

+0.02 

-0.11 

-0.02 

-0.02 

-0.15 

-0.14 

BPEG 

1 .03 

II  II 

-2.25 

-2.49 

-2.24 

-2.46 

-2.52 

-2.60 

-2.64 

-2.80 

V448CYG 

1.00 

II  II 

+7.06 

+7.00 

+6.19 

GL2428 

1.66 

2423 

II  II 

+4.90 

+2.65 

+2.01 

+0.58 

+0.14 

-0.26 

-0.02 

GL3099 

1.29 

3099 

II  II 

+7.08 

+2.97 

+0.38 

-1.68 

-2.10 

-2.42 

-2.57 

-3.15 

BM  CAS 

1.12 

ll  il 

+6.81 

+6.11 

+6.30 

OBJECT 

AM 

GL# 

BEAM, 

THROW 

2. 3y 

3.6y 

4.9y  8.7y  lOy 

11. 4y 

12. 6y 

19. 5y 

23y 

ctLYR 

1.12 

5", 10" 

-0.06 

-0.13 

-0.16  -0.12  -0.13 

-0.06 

-0.07 

HD200775 

1.13 

5", 10" 

+4.73 

+3.62 

H0200775 

1.14 

5", 40" 

+4.62 

+3.60 

+2.86  +1.98  +1.71 

+1.57 

+1.61 

+0.55 

BPEG 

1 .03 

5", 40" 

-2.24 

-2.41 

-2.24  -2.45  -2.49 

-2.54 

-2.55 

-2.78 

-2.78 

BPEG 

1.06 

5", 10" 

-2.27 

-2.44 

-2.25  -2.38  -2.45 

GL3099 

1.18 

3099 

5", 10" 

+5.71 

+2.03 

+0.10  -1.95  -2.22 

-2.57 

-2.74 

-3.15 

-3.45 

GL2789 

1.18 

2789 

5", 10" 

+4.73 

+2.37 

+1.01  -0.61  -0.98 

-1.21 

-1.79 

-2.99 

-3.43 

LO  CO  N^r- 
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+ 
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O- 
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LO  LO 

CO 
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+  + 

a 
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CO 
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cn 

cn 

cn  o  o  ^ 

' 

' 
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3 

_ 

o 

r 

r 

CO  - 

z  - 

cc 

O 

O 

=  •  CO  o  o 

I 

r— 

n— 

cn  cm 

i —  «=3* 

1— 

■=C 

LO 

r 

LO  LO  LO 

LO  LO 

LU 

• 

O 

•  ■ 

•  • 

CO 

^3" 
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oc 
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o 
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h — 

n-  r^. 
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UJ 

OO 

CO 
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o 

o  o  O  O  O 

CO 

>“ 

>- 

o  o  o 

o  o 

o 

CO 

co 

CM  CM  CM 

CM  CM 

ca:  c 

Q  Q  Q 

O  Q 

03  CO 

3=  X  31 

X  X 

cn  cn 

LO  LO  LO 

LO  1  o 

CM 

CM 

cn  cn  cn 

cn  cn 

o 

o 

LO  co  co 

LO  LO 

CM  CM  CM 

CM  CM 

_j 

— J 1 1 

_j  _j 

co  co 

CO  CO  CO  CO  CO 
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Summary  of  1977-1978  data 


GLr> 

UT  DATE 

2.3m 

3. 6y 

4. 9y 

8.7y 

lOy 

11.4m 

12. 6y 

19. 5y 

23y 

1780 

04/04/78 

+0.14 

-0.39 

-0.70 

-1.13 

-1.34 

-1.83 

-1.81 

-2.13 

1482 

04/04/78 

+1.37 

+1.17 

+0.91 

+0.94 

+0.91 

+0.27 

+0.21 

-0.02 

1868 

04/04/78 

+0.17 

-0.21 

-0.33 

-0.68 

-0.93 

-1.84 

-1.45 

-1.73 

1431 

04/05/78 

+1.74 

+1.59 

+1.77 

+1 .68 

+  1.65 

+1.52 

+1.50 

+1.41 

1423 

04/05/78 

+1.53 

+1.16 

+  1.12 

+0.56 

+0.42 

+0.03 

-0.02 

-0.25 

1258 

04/11/78 

+0.09 

-0.28 

-0.37 

-0.78 

-0.85 

-1.02 

-1.13 

-1.34 

-0.85 

1263 

04/11/78 

+0.96 

+0.65 

+0.83 

+0.27 

+0.00 

-0.28 

-0.53 

-0.89 

1250 

04/11/78 

+0.38 

+0.10 

-0.11 

-0.97 

-1.62 

-2.19 

-1.91 

-2.57 

-2.41 

1355 

04/11/78 

+2.04 

+1.82 

+1.93 

+1.21 

+0.80 

+0.37 

+0.50 

-1.01 

-1.17 

1403 

04/11/78 

+1.45 

-1.55 

-3.04 

-4.40 

-4.62 

-5.03 

-4.93 

-5.05 

-5.08 

1411 

04/05/78 

-0.92 

-1 .06 

-0.87 

-1.00 

-0.98 

-1  .09 

-1.05 

-1.10 

-0.97 

1862 

04/19/78 

+2.87 

+1.90 

+1.35 

-0.01 

-0.58 

-1.15 

-0.84 

-1.92 

-1 .94 

2316 

06/11/78 

-0.80 

-1.40 

1274 

06/12/78 

+3.60 

+  1.96 

+0.94 

-0.43 

-0.92 

-1.48 

-1.39 

-3.09 

-3.39 

1686 

06/12/78 

+3.51 

+2.24 

+1.57 

+0.16 

-0.45 

-0.85 

-0.85 

-1.94 

-1.92 

1642 

06/12/78 

+0.41 

+0.22 

+0.42 

+0.26 

+0.1? 

+0.07 

+0.10 

-0.19 

1643 

06/12/78 

+0.63 

+0.52 

+0.79 

+0.66 

+0.58 

+0.65 

+0.68 

+1.05 

1788 

06/12/78 

-0.92 

-1.26 

-1.13 

-1.48 

-1.74 

-1.94 

-2.02 

-2.65 

-2.77 

1792 

06/12/78 

+0.81 

+0.67 

+0.31 

+0.72 

+0.72 

+0.52 

+0.51 

+0.74 

1852 

06/12/78 

+2.65 

+2.57 

+2 . 65 

+2.59 

+2.57 

+2.66 

1322 

06/12/78 

+3.21 

-1.05 

-1.36 

-2.00 

2428 

06/12/78 

+4.86 

+2.71 

+1.60 

+0.35 

+0.09 

-0.14 

-0.21 

-0.39 

2789 

06/12/78 

+4.67 

+2.25 

+0.98 

-0.60 

-0.97 

-1.26 

-1.75 

-2.86 

3099 

06/12/78 

+5.92 

+2.19 

+0.22 

-1.83 

-2.13 

-2.56 

-2  67 

-2.95 

2425 

06/12/78 

+2.88 

+1.96 

+1.34 

-0.26 

-0.87 

-1.44 

-1.17 

-2.05 

2350 

06/12/73 

+3.96 

+1.90 

+0.97 

-0.66 

-1.25 

-1.71 

-1 .71 

-2.53 

3099 

06/18/73 

+5 . 66 

+1.96 

-0.11 

-2.11 

-2.42 

-2.71 

-2.90 

-3.33 

-3.56 

2789 

06/18/78 

+4.43 

+2.01 

+0.61 

-0.93 

-1.31 

-1.56 

-2.06 

-3.51 

-4.20 

3125 

06/18/78 

+4.82 

+4.49 

-0.59 

-1.04 

-1.67 

-2.23 

-1.97 

-3.05 

-3.30 

3110 

06/18/78 

+2.81 

+0.02 

-1.64 

-3.32 

-3.60 

-3.98 

-4.02 

-4.71 

-5.24 

2428 

06/22/73 

+4.81 

+2.59 

+  1.44 

+0.32 

+0.15 

-1.18 

-0.01 

2789 

06/22/73 

+4.60 

+2.22 

+0.94 

-0.65 

-0.95 

-1.26 

-1.77 

2199 

06/23/78 

+2.42 

+0.51 

-0.40 

-2.20 

-2.62 

-2.93 

-2.94 

-4.03 

2155 

06/23/78 

+5.79 

+1.66 

-0.31 

-2.52 

-2.88 

-3.21 

-3.24 

-3.85 

2154 

06/23/73 

+5.21 

+1 .66 

+0.09 

-1.61 

-1.83 

-2.14 

-2.12 

2174 

06/23/73 

+4.12 

+2.63 

+1 .68 

+0.44 

-0.22 

-0.68 

-0.98 

2178 

06/23/78 

+5.09 

+  1.50 

-0.05 

-1.77 

-2.04 

-2.34 

-2.39 

-2.39 

2192 

06/23/78 

+3.64 

+2.02 

+1.28 

-0.30 

-0.80 

-1.20 

-1.18 

2290 

06/23/73 

+6.05 

+1.07 

-0.54 

-2.36 

-2.48 

-2.35 

-2.50 

3099 

06/23/78 

+5.89 

+2.12 

+0.1? 

-1.83 

-2.18 

-2.50 

-2.61 

-3.20 

1686 

08/04/78 

+3.59 

+2.21 

+1.67 

+0.32 

-0.30 

-0.69 

-0.45 

1993 

08/04/78 

+0.85 

+0.48 

+0.75 

+0.24 

-0.57 

-1.11 

-0.77 

2148 

08/04/78 

+1.79 

+1.06 

+0.90 

+0.44 

-0.01 

-0.26 

-0.51 

1988 

08/04/78 

+0.98 

+0.23 

-0.17 

-1.34 

-2.01 

-2.52 

-2.26 

1922 

08/04/78 

+6.03 

+1.94 

+0.00 

-2.14 

-2.48 

-2.92 

-2.98 

2b36 

08/04/78 

+10.45 

+8.35 

+6.38 

+3.38 

+2.87 

+2.63 

+2.05 

-2.80 

2636 

08/04/73 

+7.16 

+5 . 46 

+4.21 

+2.60 

+2.28 

+2.12 

+1.55 

2428 

08/04/78 

+4.80 

+2.59 

+  1.08 

+0.21 

-0.04 

-0.46 

-0.39 

-0.39 
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Summary  of  1977-1978  data  (continued) 


GL# 

UT  DATE 

2 . 3u 

3.6u 

4.9m 

3099 

08/04/78 

+5.92 

+2.04 

+0.10 

2789 

08/04/78 

+4.60 

+2.15 

+0.69 

2290 

08/05/78 

+4.17 

+0.87 

-0.72 

2199 

08/05/78 

+2.50 

+0.51 

-0.43 

2316 

08/05/78 

+4.37 

+1.52 

+0.12 

2789 

08/05/78 

+4.45 

+2.02 

+0.73 

2636 

08/05/78 

1686 

08/16/78 

+3.42 

+2.00 

+1.61 

3099 

08/16/78 

+6.47 

+2.50 

+0.52 

2789 

08/16/78 

+4.85 

+2.42 

+1.13 

211 

08/16/78 

+2.53 

+1.69 

+1.35 

2181 

08/17/78 

1-2.21 

+1.87 

+2.03 

2575 

08/17/78 

+0.10 

-0.58 

-0.61 

2583 

08/17/78 

+1.53 

+0.97 

+0.89 

2588 

08/17/78 

+0.43 

+0.17 

+0.35 

2589 

08/17/78 

+0.99 

+0.72 

+0.97 

2618 

08/17/78 

-1.08 

-1.43 

-1.23 

2754 

08/17/78 

+2.41 

+1.78 

+1.74 

2934 

08/17/78 

+1.81 

+1.45 

+1.56 

2940 

08/17/78 

+1.03 

+0.78 

+1 .05 

2943 

08/17/78 

+0.91 

+1.59 

+1.80 

3088 

08/17/78 

+0.48 

-0.06 

-0.23 

3010 

08/17/78 

+1 . 09 

+0.77 

+1.01 

3085 

08/17/78 

+1  .47 

+0.80 

+0.88 

3110 

08/17/78 

+2.09 

+1.50 

+  1.55 

3125 

08/17/78 

+0.32 

-0.02 

-0.15 

227 

08/17/78 

+2.13 

+1.61 

+0.86 

335 

08/19/78 

+1.46 

+0.78 

+0.47 

347 

08/19/78 

+0.02 

-0.31 

-0.12 

f 

350 

08/19/78 

+1.88 

+1 . 55 

+2.67 

582 

08/19/78 

+1  . 46 

+0.32 

+0.89 

1570 

12/20/77 

-0.53 

-0.87 

-0.88 

1489 

12/20/77 

+0.55 

+0.20 

+0.19 

1719 

12/20/77 

+0.04 

-0.37 

-0.42 

1720 

12/20/77 

+0.37 

+0.03 

+0.29 

748 

12/21/77 

+1.61 

+0.35 

-0. 33 

794 

12/21/77 

+0.66 

+0. 14 

-0.11 

802 

12/21/77 

+  1.24 

+0.61 

+0.31 

805 

12/21/77 

+0.99 

+0.33 

-0.08 

934 

12/21/77 

+0.93 

+0.68 

+0.79 

1354 

12/21/77 

+1.44 

+  1.18 

+1.24 

1280 

12/21/77 

+0.49 

+0.28 

+0. 35 

1428 

12/21/77 

+1.07 

+0.80 

+0.80 

1427 

12/21/77 

-0.40 

-0.64 

-0 . 57 

1488 

12/29/77 

+1.38 

+1.11 

+  1.17 

4157 

12/29/77 

+2.54 

+2.01 

+1 . 69 

355 

12/30/77 

+  1.13 

+0. 65 

+0.39 

505 

12/30/77 

+0.59 

-0.03 

+0.23 

945 

12/30/77 

+1.22 

+0.93 

+1 .01 

583 

12/30/77 

+0.58 

+0.35 

+0.44 

1120 

01/21/73 

-0.50 

-0.80 

-0. 54 

8.7m 

10m 

11  . 

4m 

12. 

6m 

19. 

5m 

23m 

-1 .81 

-2. 

22 

-2. 

56 

-2. 

68 

-3. 

17 

-0.68 

-1. 

19 

-1. 

33 

-1. 

89 

-2. 

87 

-2.46 

-2. 

60 

-2. 

85 

-3. 

42 

-4. 

08 

-2.17 

-2. 

31 

-2. 

95 

-3. 

03 

-3. 

64 

-1.07 

-1. 

26 

-1  . 

62 

-1 . 

93 

-1  . 

87 

+0.78 

-0. 

99 

-1. 

28 

-1 . 

97 

-2. 

83 

+2. 

35 

+0.27 

-0. 

34 

-1. 

04 

-0. 

80 

-2. 

09 

-1.62 

-2. 

11 

-2. 

41 

-2. 

64 

-3. 

39 

-0.49 

-0. 

97 

-1. 

24 

-1. 

86 

-3. 

40 

+0.71 

+0. 

22 

-0. 

09 

-0. 

21 

+1.92 

+1. 

66 

+  1  . 

48 

+1. 

39 

-1.66 

-2. 

67 

-3. 

23 

-3. 

24 

-3. 

88 

+0.46 

-0. 

02 

-0. 

31 

-0. 

47 

-0. 

62 

+0.08 

-0. 

15 

-0. 

28 

-0. 

15 

-0. 

74 

+0.56 

+0. 

35 

+0. 

08 

+0. 

25 

-0. 

41 

-1.50 

-1 . 

63 

-1. 

67 

-1 . 

81 

+1.29 

+1. 

00 

+0. 

78 

+0. 

71 

+0. 

42 

+1.17 

+0. 

76 

+0. 

44 

+0. 

38 

-0. 

17 

+0.82 

+0. 

,46 

+0. 

23 

+0. 

45 

+0. 

15 

+1.43 

+1. 

25 

+0. 

99 

+1. 

03 

+0. 

94 

-0.81 

-1. 

.04 

-1. 

,39 

-1. 

.34 

-1  . 

.71 

+0.64 

+0, 

.42 

+0. 

.21 

+0. 

,21 

-0. 

.30 

+0.02 

-0, 

.24 

-0. 

.70 

-0. 

,60 

-0. 

.84 

+0.36 

-0 

.65 

-1. 

.13 

-1. 

.05 

-1. 

.93 

-0.58 

-1 

.29 

-1 , 

.76 

-1. 

.54 

-2. 

.32 

+1.48 

+1 

.44 

+1. 

.26 

-0.01 

-0 

.40 

-0, 

.78 

-0. 

.82 

-1, 

.35 

-1. 

64 

-0.64 

-1 

.15 

-1, 

.62 

-1. 

.56 

-2 

.  57 

-2. 

66 

+1.26 

+0 

.96 

+0, 

.59 

+0. 

.51 

-0, 

.25 

+0.14 

+0 

.03 

-0 

.70 

-0 

.37 

-0 

.20 

-0.14 

-1 

.51 

-1, 

.69 

-1 

.84 

-2 

.36 

-2. 

19 

-0.04 

-0 

.26 

-0, 

.47 

-0, 

.74 

-0 

.  95 

-0. 

92 

-0.68 

-1 

.19 

-1 

.55 

-1 

.65 

-2 

.37 

-2. 

40 

+0.03 

-0 

.42 

-0, 

.82 

-0 

.70 

-1 

.11 

-1.26 

-1 

.43 

-1 

.69 

-1 

.54 

-1 

.40 

-0.81 

-1 

.34 

-1 

.83 

-1 

.78 

-2 

.26 

-0.19 

-0 

.39 

-0 

.81 

-1 

.11 

-1 

.23 

-0.57 

-1 

.02 

-1 

.35 

-1 

.46 

-1 

.77 

+0.29 

+0 

.32 

+0 

.04 

+0 

.11 

-0 

.20 

+0.74 

+0 

.83 

+0 

.34 

+0 

.34 

-1 

.20 

-0.13 

-0 

.58 

-1 

.04 

-1 

.00 

+0.24 

+0 

.07 

-0 

.52 

-0 

.62 

-0 

.77 

-1.12 

-0 

.90 

-1 

.53 

-1 

.63 

+0.62 

+0 

.13 

-0 

.33 

-0 

.27 

-0 

.93 

-1. 

.07 

+  1.07 

+0 

.86 

+0 

.63 

+0 

.60 

+0 

.35 

-0.06 

-0 

.21 

-0 

.45 

-0 

.43 

-0 

.91 

-0. 

.95 

-0.88 

-1 

.12 

-1 

.50 

-1 

.39 

-1 

.53 

+0.44 

+0 

.00 

-0 

.40 

-0 

.33 

-1 

.20 

-1  , 

-0.06 

-0 

.36 

-0 

.74 

-u 

.38 

-1 

.43 

.40 

-0.95 

-1 

.29 

-1 

.68 

-1 

.46 

-2 

.16 

-2. 

.42 
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Summary  of  1977-1978  data  (continued) 


GL? 

UT  DATE 

2.3m 

3.6p 

4. 9y 

8.7m 

10m 

11.4m 

12.6m 

19.5m 

23m 

601 

02/17/78 

-2.89 

-2.96 

-2.82 

-3.00 

-2.99 

-3.08 

-3.11 

-3.10 

-3.03 

600 

02/17/78 

+1.54 

+0.92 

+0.78 

+0.29 

+0.03 

-0.28 

-0.55 

-0.90 

-0.81 

761 

02/17/78 

+1.34 

+  1.11 

+  1.30 

+0.93 

+0.90 

+0.68 

+0.55 

+0.18 

+0.31 

937 

02/17/78 

+2.53 

+2.02 

+2.45 

+1.30 

+1.26 

+1.13 

+0.99 

601 

02/17/78 

-2.87 

-3.03 

-2.82 

-2.96 

-2.94 

-3.03 

-3.04 

-3.15 

-3.24 

788 

02/17/78 

+0.37 

+0.03 

+0.00 

-0.45 

-0.89 

-1 .27 

-1.29 

-2.01 

-2.27 

799 

02/17/78 

-0.41 

1163 

02/17/78 

+1.16 

+0.88 

+0.87 

+0.51 

+0.44 

+0.27 

+0.31 

-0.04 

1117 

02/17/78 

+1.80 

+1.49 

+1.23 

+0.68 

+0.33 

+0.03 

-0.07 

-0.52 

-0.66 

1183 

02/17/78 

-1.09 

-1.19 

-1.11 

-1.23 

-1.19 

-1.20 

-1.18 

-1.32 

-1.30 

1281 

02/17/78 

-0.65 

-0.76 

-0.81 

-1.22 

-1.53 

-1.84 

-1.82 

-2.10 

-1 .99 

966 

02/17/78 

-0.58 

-1.05 

-0.92 

-1.62 

-1.75 

-2.06 

-1.92 

-1.94 

-2.02 

982 

02/17/78 

+1.70 

+0.93 

+0.55 

-0.31 

-0.84 

-1.33 

-1.33 

-1.62 

-1.71 

991 

02/17/78 

+1.57 

+1.24 

+1.34 

+0.79 

+0.81 

+0.60 

+0.63 

+0.71 

998 

02/17/78 

+2.89 

+2.62 

+2.42 

+  1.84 

+  1.71 

+  1.49 

+  1.23 

+1.50 

1693 

02/17/78 

-2.73 

-2.73 

-2.69 

-3.00 

-3.11 

-3.01 

-2.83 

-2.88 

-2.86 

1554 

02/17/78 

-0.99 

-1.33 

-1.31 

-1.64 

-1.90 

-2.26 

-2.34 

-2.62 

-2.73 

1693 

02/17/78 

-3.04 

-3.16 

-3.09 

-3.29 

-3.31 

-3.36 

-3.31 

-3.32 

-3.28 

1706 

02/17/78 

-1.95 

-2.36 

-2.36 

-2.90 

-3.40 

-3.74 

-3.95 

-4.34 

-4.41 

1710 

02/17/78 

+1.30 

+0.52 

+0.15 

-0.63 

-0.89 

-1.24 

-1.30 

-1.91 

-2.17 

1693 

02/17/78 

-2.99 

-3.12 

-2.91 

-3.02 

-2.99 

-3.07 

-3.15 

-3.08 

-3.13 

1773 

02/17/78 

+2.66 

+1.34 

+0.66 

-0.74 

-1.12 

-1  .61 

-1.59 

-2.27 

-2.51 

1858 

02/17/78 

+0.25 

-0.50 

-0.76 

-1.41 

-1.77 

-2.16 

-2.30 

-2.54 

-2.59 

335 

08/20/78 

+1.46 

+0.78 

+0.47 

-0.01 

-0.40 

-0.78 

-0.82 

-1.35 

-1.64 

347 

08/20/78 

+0.02 

-0.31 

-0.12 

-0.64 

-1.15 

-1.62 

-1.56 

-2.57 

-2.66 

360 

08/20/78 

+1.88 

+1.55 

+2.67 

+  1.26 

+0.96 

+0.59 

+0.51 

-0.25 

582 

08/20/78 

+  1.46 

+0.82 

+0.89 

+0.14 

+0.03 

-0.70 

-0.37 

-0.20 

2688 

09/26/78 

+9.58 

+6.91 

+3.92 

-0.93 

-2.35 

-3.18 

-6.10 

1059 

09/26/78 

+3.43 

+1.80 

+0.67 

-0.74 

-1.34 

-1.75 

-3.53 

328 

10/07/78 

+  1.25 

+0.20 

4044 

10/07/73 

+2.24 

+  1  .80 

+  1.83 

+  1.35 

+  1 .03 

+0.92 

+0.83 

3099 

10/20/78 

+6.59 

+2.54 

+0.49 

-1.68 

-1.98 

-2.42 

-2.46 

-3.05 

-3.17 

211 

11/01/78 

+2.25 

+1.44 

+0.92 

+3.31 

-0.09 

-0.22 

-0.35 

-1.20 

-1.14 

216 

11/01/78 

+1.63 

+1.32 

+1.28 

+0.76 

+0.12 

-0.30 

-0.05 

-1.20 

-1.53 

327 

11/01/78 

+  1.78 

+1.45 

+  1.51 

+  1.06 

+0.77 

+0.54 

+0.45 

-0.46 

332 

11/01/78 

+  1.60 

+  1.00 

+0.74 

-0.26 

-0.85 

-1.42 

-1.27 

-2.09 

-2.32 

590 

11/01/78 

+1.35 

+0.78 

+0.63 

+0.30 

-0.01 

-0.31 

-0.31 

-0.40 

604 

11/01/78 

+  1.95 

+  1.77 

+  1.66 

+  1.40 

+  1.24 

+  1.18 

+0.89 

+  1.06 

2636 

11/02/78 

+3.66 

203 

11/02/78 

+2.78 

+2.32 

+2.83 

+2.62 

751 

11/02/78 

+  1.81 

+  1.47 

+1.72 

+  1.13 

+0.74 

+0.31 

+  0.66 

-1.01 

796 

11/02/78 

+2.45 

+  1.65 

+  1.62 

+0.45 

+  0.52 

+0.29 

+0.52 

341 

11/02/78 

+8.10 

+5.11 

+2.33 

-0.48 

-0.87 

-1.16 

-1.42 

-2.74 

482 

11/02/78 

+5.47 

+2.15 

+0.42 

-1.40 

-1.66 

-1.94 

-1.99 

-3.02 

928 

11/02/78 

+  1.90 

+  1.51 

+  1.47 

+0.78 

+0.00 

-0.55 

-0.35 

-1.83 

40b0 

11/02/78 

+2.44 

+2.12 

+2.13 

+1.78 

+  1  .43 

+1.14 

+  1.11 

933 

11/02/78 

+2.55 

+0.93 

+0.15 

-0.92 

-1.02 

-1.36 

-1.15 

-1.86 

936 

11/02/78 

+5.34 

+2.73 

+  1.40 

-0.16 

-0.37 

-0.78 

-0.71 

-1.54 

1059 

11/02/78 

+3.53 

+  1.78 

+0.54 

-0.80 

-1.14 

-1.38 

-1.76 

-3.75 

1108 

11/02/78 

+0.93 

+0.62 

+0.70 

+0.55 

+0.55 

+0.47 

+0.58 
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Summary  of  1977-1978  data  (continued) 


GL# 

UT  DATE 

2.3u 

3.6m 

4.9u 

8.7p 

1  Ou 

1 1 . 4m 

12.6m 

19.5m 

23m 

1131 

11/02/78 

+2.28 

+0.77 

+0.00 

-0.82 

-1.00 

-1.36 

-1 .25 

-2.30 

1169 

11/02/78 

+1.67 

+1.28 

+  1.28 

+0.86 

+0.52 

+0.18 

+0.32 

1141 

11/02/78 

+1.70 

+0.58 

-0.14 

-1  .43 

-1 .86 

-2.27 

-2.03 

-3.56 

1253 

11/02/78 

+0.80 

+0.31 

+0.41 

-0.04 

-0.21 

-0.56 

-0.52 

-1.95 

3116 

11/03/78 

+2.51 

-0.27 

-1.78 

-3.27 

-3.44 

226 

11/19/78 

+2.30 

+1.66 

+1.36 

+0.78 

+0.55 

+0.22 

+0.30 

-0.06 

+0.30 

337 

11/19/78 

+1.80 

-0.10 

-0.50 

-1.60 

-1.70 

-2.10 

-1.70 

-1.30 

-0.70 

4029 

11/19/78 

+6.90 

+4.80 

+3.40 

+2.00 

+1.70 

+1.50 

+0.70 

-1.60 

-2.80 

1138 

11/19/78 

+0.60 

-0.10 

-0.20 

-0.70 

-0.90 

3083 

11/21/78 

+1.40 

+  1.00 

+  1.00 

+0.50 

+0.20 

-0.30 

-0.20 

-0.60 

-0.20 

3086 

11/21/78 

+1.50 

+1.40 

+1.50 

+1.40 

+1 .40 

+  1.20 

+1.70 

3093 

11/21/78 

+1.10 

+1.20 

+1.30 

+1.00 

+1.10 

+0.90 

+1.00 

3037 

11/21/78 

+1.60 

+1 .40 

+1.60 

+  1.70 

+1  .60 

+1.60 

+  1.70 

3090 

11/21/78 

+0.80 

+0.50 

+0.80 

+0.60 

+0.60 

+0.50 

+0.60 

+0.30 

3107 

11/21/78 

+2.10 

+1  .80 

+1.90 

+  1.80 

+  1  .80 

606 

11/21/78 

+0.70 

+0.30 

+0.40 

+0.00 

+0.00 

-0.20 

-0.20 

-0.40 

+0.00 

619 

11/21/78 

+2.50 

+1.70 

+  1.30 

+0.70 

+0.30 

-0.10 

-0.10 

-0.90 

793 

12/17/78 

+1.01 

+0.58 

+0.40 

-0.05 

-0.27 

-0.45 

-0.82 

-1.42 

-1  .61 

967 

12/17/78 

+1.97 

+1.69 

+1.72 

+  1.50 

+1.08 

+0.71 

+0.22 

+0.08 

968 

12/17/78 

+0.25 

-0.01 

-0.11 

-0.37 

-0.69 

-0.71 

-0.81 

970 

12/17/78 

+1.77 

+1.53 

+1.46 

+0.97 

+0.59 

+0.57 

+0.95 

-0.22 

1118 

12/17/78 

+1.75 

+1.28 

+0.89 

+0.35 

-0.19 

-0.24 

-0.22 

-0.91 

-2.02 

57 

12/17/78 

-1.02 

-1.49 

-1.51 

-1.98 

-2.31 

-2.64 

-2.83 

-3.26 

-2.88 

68 

12/17/78 

+1.53 

+1.09 

+1.24 

+0.78 

+0.55 

+0.28 

+0.32 

-0.22 

59 

12/17/78 

+0.52 

-0.25 

-0.71 

-1.77 

-2.19 

-2.67 

-2.70 

-3.23 

220 

12/17/78 

+2.58 

+2.43 

+2.56 

+2.38 

+2.21 

+1 .89 

+2.28 

485 

12/17/78 

+0.27 

+0.07 

+0.39 

+0.14 

+0.15 

-0.02 

-0.10 

+0.79 

489 

12/17/78 

+1.61 

-0.29 

-1.41 

-2.60 

-2.75 

-3.23 

-3.13 

-3.35 

-3.67 

595 

12/17/78 

+1.56 

+0.09 

-0.82 

-1.75 

-1  .88 

-2.37 

-2.25 

-2.37 

-2.60 

4047 

12/17/78 

+2.46 

+2.33 

+2.46 

+2.62 

+2.84 

+2.24 

+2.46 

+  1.35 

585 

12/17/78 

+2.88 

+0.46 

-0.79 

-1.97 

-2.05 

-2.39 

-2.69 

-2.91 

-3.15 

746 

12/17/78 

+2.63 

+2.63 

+2.32 

+  1.67 

+  1.72 

+  1.11 

+0.95 

+0.80 

791 

12/17/78 

+2.93 

+2.29 

+  1.31 

-0.95 

-1.21 

-1.77 

-1  .88 

-2.79 

-3.16 

956 

12/17/78 

+0.78 

-0.28 

-0.85 

-2.21 

-2.56 

-3.29 

-3.08 

-3.83 

-4.02 

956 

12/17/78 

+3.76 

+2.35 

+  1.48 

-0.17 

-0.55 

-1.21 

-1.16 

-2.15 

-2.23 

985 

12/17/73 

+4.77 

+2.52 

+0.89 

1160 

12/17/78 

+1.70 

+1.60 

+1.94 

+1.56 

+1.56 

+1.53 

+  1  .48 

+  1.18 

1249 

12/17/78 

+1 .61 

+1.39 

+  1.68 

+1.34 

+  1.73 

+  1.04 

+  1  .09 

+  1.09 

1265 

12/17/78 

+1.69 

+1.48 
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A  SEARCH  FOR  ANONYMOl'S  AFCRI.  INFRARED  SOURCES 

R.  I).  OKIIRZ*  AM)  J.  A.  li.U  tsWI  I.I.* 

Department  of  Physio  and  Astronomy,  University  of  Wyoming 
tteceived  1*175  December  15;  revised  1 V/A  March  15 

ABSTRACT 

Ten  of  47  anonymous  AFCRI.  infrared  sources  were  confirmed  during  a  recent  search.  The  con¬ 
firmed  sources  could  represent  different  stages  in  the  evolution  of  a  single  class  of  stars.  It  is  suggested 
that  these  objects  might  be  related  to  disk  population  giants  or  to  planetary  nebulae. 

Subject  heading:  infrared:  sources 


t.  introduction 

A  ground  based  search  for  47  anonymous  infrared 
sources  reported  in  the  AFCRI.  Inftared  Sky  Survey 
(Walker  and  Price  1475)  was  conducted  during  1475 
October  24-27,  using  the  Uni  telescope  of  the  K it t 
Peak  National  Observatory.  The  sources  selected  tor 
the  search  have  not  been  identified  with  any  previously 
reported  optical,  infrared,  or  radio  objects. 

It.  I  lit:  SEARCH  ANtl  OIISHRV  \  I  IONS 

The  search  was  conducted  using  a  Wyoming  mulli- 
filtcr  infrared  photometer  with  11"  diameter  beams 
thrown  21"  between  centers  in  declination. 

The  telescope  was  initially  pointed  to  the  AFCRI. 
position  of  a  source  by  offsetting  from  a  nearby  bright 
star  whose  astrometric  coordinates  were  obtained  from 
the  SA(  >  catalog.  An  S'  X  H'  bo\  (entered  on  the 
AFCRI.  position  of  the  source  was  then  searched  by 
scanning  the  telescope  in  declination  at  a  rate  of  2<l" 
per  second.  This  scanning  technique  reduced  the  false 
detection  rate  due  to  spurious  noise  spikes  since  a 
characteristic  bipolar  signal  with  a  phase  determined 
by  the  scanning  direction  was  produced  by  a  cosmic 
source  traversing  the  beams  in  the  chopping  direction. 
Redundancy  in  spatial  coverage  was  introduced  bv  up 
ping  the  telescope  7"  (7  11  beam  diameters)  in  right 
ascension  between  sin  .  i-ssive  dedination  scans. 

T  he  1.1  s  integration  time  produced  by  this  scanning 
technique  gave  a  signal  to  noise  ratio  of  for  4-2.4 
mag  at  4.4^,  -HI, 5  mag  at  If  n  fV  band'1,  and  -2.5 
mag  at  14.5  ^  <{'  band1.  Although  the  majority  of  the 
sources  Were  searched  lor  at  14  n,  a  few  were  seardud 
for  at  4.4 jj  or  14.5  u  if  information  supplied  m  ,!u 
\FCKI  .  i  at alog  imp! a  i ;  a  login  r  li hi  I i hood  o!  i  onlirma 
t  ion  at  I  Itrse  wave ietlgt  Its. 

W  hen  a  eonlirm.it  ion  was  obtained,  pholomctrii  e.> 
ordinates  for  the  AFCRI,  source  were  determined  rt  la 
I  ivc  tot  lie  S  A*  I  o||s,-t  st  ,ir. 

Broadband  inlr.trid  photometry  of  the  eonlirmed 
sotirees  w.ts  obtained  with  the  W\otning  tmiltiliiti  r 


photometer  which  responds  at  effective  wavelengths  of 

2.5  m,  5.6  «.  4.4  ji,  N.7  g,  10  n  f.Y  band  j,  11 .4  u.  1 2.<>  u, 

14.5  ju  band),  and  25  g.  The  bandpasses  ami  cali¬ 
bration  of  the  Wyoming  photometric  svstcm  have  been 
discussed  by  (lehr/.,  Hackwll,  and  Jones  (T474  e 

ill.  RESULTS 

Ten  anonymous  AFCRI.  sources  were  confirmed  dur¬ 
ing  our  survey.  Photometric  positions.  AFCRI.  pus- 
lions,  and  galactic  coordinates  for  these  sources  are 
given  in  Table  1 . 

The  infrared  magnitudes  of  t he  confirmed  source-'  are 
presented  in  Table  2.  Alpha  l.vrac  (CR1.  220S'  and 
c,  1'au  it  Ki.  tail  were  the  calibration  stars  and  the 
object  1R< '  +  70 ’012  (CR1.  1071  was  observed  for  com¬ 
parison.  Where  appropriate,  blackbodv  temperatures 
and  blackbodv  angular  diameters  of  the  sources  are 
given  in  columns  tilt  and  <  12'.  Figures  1  and  2  show 
tile  observed  energy  distributions  of  the  sources  lisle-! 
ill  Table  1. 

The  47  anonymous  AFCRI,  source  s  which  were-  mu 
eonlirmed  by  our  scare  It  are  listed  in  Table  5. 

IV.  lit!  HtW  CONFIRMATION  K  \  1  1 

We  were  able  to  confirm  only  a  small  o'ac'iou 
( —  2< l'  I  of  the  47  anonymous  CRT  sources  in  our  st'a 
ph-.  In  addition,  <n:r  eonlirmed  soot,  e  s  ar>  cnnied  : - 
the  galactic  plant-  and  have  ,b'[  •-  IF.  None  -  i  ■  '•> 

25  sources  in  our  sample  with  h11  "•  II  were-  c 

tir:  ted,  and  14  o|  24  source  s  wit  h  i  ..  ]t  ,  . ,  • 

e  otilt  tilled  'set-  Tig.  1  i.  Low  M  4  7  4  reported  a  "■■■,.  - 

('ontuina  t  ion  rate  ,ttnl  gal.te  tie  'distribution  (•  ir  a  -!::■>  • 
cut  sample  o!  anoiiv 'iiiotts  sources  taken  from  a  po 
limin.it  v  vers'.'  >n  of  ;l:e  Alt'KI.  e  at  a i"g. 

( )ur  low  continual  ion  rate  dot  s  in .t  appt  ar  t  - >  r >  1 
from  lat ger  posit  ioiul  mu  cr taint  it  s  than  have  In  e  n  i e 
ported  lor  A T t  KI.  s.etirccs  bv  Walker  and  Pie  e  . 

Their  ruts  (1  a-  positional  error  lor  known  sotita  e  -  -  >1 » - 
serveil  m  the  Alt  R I,  sttr\ ev  is  ^1.5.  The  mean  pod- 
tiottal  deviations  m  our  continued  sources  from  tin- 
AFCRI.  positions  were  only  tide  in  eleclin.it  urn  ima\i- 
tmim  I’D  and  4 !  5  in  tight  ase  e-nsjeen  n  navi  mum  21 

I  lens,  we  w  e  el  ll-l  have-  (  '.pee  !  I'd  t  -  -  1 1  tie  I  at  li  a-t  4  s  ]  ,,  | ,  ,  i ,  | 

in  an  ,s  •  ,V  be t \ . 


* \  isitine  A.-tr-.iHipee-r.  kilt  IN  it,  \  eti-m  el  (>l..e'rv.i|..r\  wleieti 
j.  ope-rale-.t  t.v  f tie  A"e.ea,eti.eli  n(  (  liiS'-r-ifie  -  toe  U t--.eeele  u 
.\-lr->li"'iiy,  Ine  .  linile-r  c"i,tr.iel  witii  I  lit-  VitHeiC  s,  ,,  ,,,  , 
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Fig.  1. — Galactic  distribution  of  the  anon>m«<us  A1  (Kl,  'iiurcr*  sea  re  hod  tor  in  t  hi-  Mirvov.  ( 
circles,  sources  which  remained  unconfirmed  after  a  search  in  an  S'  y  s  l»nx. 


cirdt's,  confirmed  vurav  ■'{'r*r 
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AAvfLfNGTM  in  Mif  RONS 

1  it.,  1.  F.nenrv  ili-lriFutions  for  CRI.  -ources  which  show  c\  i 
ilence  »>f  «>piic;aJi\  thin  ore um*trl!ar  shell  radiation  he\und  \  - 


i  .isc-  in  wIim  I)  t In  exeitinp  star  is  completely  extin¬ 
guished  liv  in  optically  thick  (lust  thermosphere. 

Tin-  s.mros  t'KL  i‘>01 ,  CRI.  2(>00,  CRI.  700,  and 
CRI.  2K.H1  appear  to  represent  an  intermediate  stape  in 
the  transition  from  an  optically  thin  to  an  opt  it  ally 
thick  tlni  mosplu  re.  1 1  it'll -resolution  7-  14  /a  spectra  of 
several  of  these  sources  (Oillett,  private  cot.inumiia- 
tioii)  suppesl  that  the  prain  material  in  their  thenno- 
splieres  may  contain  silicon  carbide. 

It  is  interesting  to  note  that  the  color  temperatures 
of  the  opt iealiv  thin  t Itermospheres  of  CRI.  It >7  i  1211  K 
and  CRI.  2000  f.tllsR),  deduced  liy  assuming  coual 
she!!  optieal  depths  at  10  and  20  n,  are  similar  to  the 
tool  temperatures  observed  in  the  optically  1  hit  L  shell' 
of  CRI.  loo,  CRI.  ,141,  and  CRI.  Is2, 

The  continued  sources  lie  in  the  dircitinn  ol  die 
Perseus  arm  and  I  ,:\e  a  mean  hn  o|  ~-(i°  i  see  l  ie  I 
Their  palact  ii  latitude  tlisl  ributioii  is  similar  to  t ha l  "l 
the  disk  popu  la  I  i<  >n  plants  and  planetary  nebulae  1  \  U<  n 
107  i  i.  li  t hese  objects  lie  ill  tin  lYr'ciis  arm  at  an  a\  ei 
ape  distant  e  of  2  kpc,  they  will  have  an  averape  him: 
nositv  of  !  2  X"  Pi1/.  .  The  luminosities  of  planetary 
nebulae  and  late  tvpc  luminous  plants  aUo  lie  in  this 
ranpe.  Thus,  these  new  intrared  stars  may  be  related 
to  luminous  plants  or  planetary  nebulae.  We  suppc'l 
two  al t ertia live  possibilities, 

it)  Cin’l  lniimrnts  iiiiinls.  The  new  infrared  stars  may 
represent  the  advanced  stapes  ol  evolut ioti  in  cool  lumi¬ 
nous  disk  population  plants.  These  stars  are  known  to 
lie  losinp  mass  at  a  hipli  rate  M  it  hr/,  and  W  ood  1**7 1 ' . 
A'  cvi.lulioti  prepresses,  the  opitt  a!  depth  the  dust 
therniospln  re  pi'. luted  bv  tile  einl.i  mav  eventually 
be.  time  sufln  ieir  to  extinguish  the  excitmp  star.  Idle 
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TAB  IK  i 


AmiNXVI.W-  I  KL  Sol  l'.'KS  V'M'IINFiklltU  IN 
IN  S  A  8’  LtOX  ('KNTFRKD  ON  I'RI.  POSITION 
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1'robably  I’pper 
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comiucieti 

<  in  magnitude' 

36 . 

10 

A*  >  t  0  5 

(>.> 

10 

,V>  -)  0  5 

78 . 

to 

V>  +0  5 
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A  >  -rO  5 

611 . 

10 

V>  +0.5 
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to 
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687  . 
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704  . 

19.5 

(>>-25 

758 . 
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10. 

,V>  +0.5 

821  . 

19.5 

0  >  4-2.5 
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,V>+0  5 
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A'  >4-0  5 

25 7<> . 

10 

A">  +0  5 

2616  . 
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•V  >  +0  5 

2031  . 

It) 

A  >  +0.5 

2760 

10 

,V>  +0.5 

2954 . 

to 

A>  +0.5 

3154 . 

to 

;V  >  +0.5 

*  CRL  6X0  was  not  detected  at  1 1  ^  by- 
Walker  and  Price  1975. 


energy  of  the  embedded  star  will,  in  the  extreme  case, 
lie  entirely  redistributed  to  the  infrared  by  thermal  re- 
radial  ion  from  the  dust . 

b)  I’n:  planetary  nebulae.  Alternatively, thrscsources 
could  be  a  class  of  dust  enshrouded  objects  which  are 
evulving  into  planetary  nebulae.  Presumably  the  dust 
would  have  condensed  as  the  outer  layers  of  the  star  ex¬ 
panded  i h i ri ntr  the  final  slaves  of  nuclear  burning.  As 
the  hot  inner  layers  ol  the  embedded  star  heroine  ex¬ 
posed,  an  ionization  front  would  move  outward  through 

REI-KK 
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WAVE  LENGTH  IN  MICRONS 

I  to.  3.—  Energy  distributions  for  CRL  sources  which  appear  to 
radiate  like  blackbodies  from  2.3  n  to  23  u 


the  t hermos[)here,  eventually  vaporizing  much  of  the 
dust  and  rendering  the  thermosphere  optically  thin. 

The  evolutionary  status  of  these  objects  might  be 
clarified  if  the  spectral  type  of  the  embedded  star  could 
be  determined. 
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the  photometer  was  supplied  in  part  by  the  Office 
of  Naval  Research  under  contract  N00O14-61  -('-0.388. 
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( Letters  1 ,  183.  1.13. 
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OBSERVATIONS  OF  THE  FHGHf.V  EVOLVED  CARBON  STAR  CRI,  81100 

R.  I).  (;i:iiRz,*t  J.  A.  H  u'K\vi;u„*t  and  I).  Union  \*  + 
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ABSTRACT 

Large-amplitude  infrared  light  variations  are  reported  for  the  peculiar  infrared  star  OKI,  3090 
High  -resolution  (A,  AX  ~  1(M)|  2.8  -4.1  mu  and  7. X  18  m"  spectra  suggest  that  URL  8099  is  a  carbon 
star  which  is  highly  reddened  by  a  dense  circutnslellar  shell.  Small  graphite  grains  apparently  are 
id"  primary  opacity  source  for  the  cireuntstellar  shell  o\er  the  1  Jo  mo  spectra!  region,  f  lu  gr.ii” 
t>  mperature  is  ~8(>0  K.  and  the  shell  optical  depth  is  ^0.1  at  lo  ^m.  We  suggest  that  OKI.  8()oo 
represents  tin  advanced  evolutionary  stage  which  is  characterized  by  the  formation  of  large  amounts 
of  cool  cireuntstellar  dust  and  by  large-amplitude  bolometric  variations  in  the  centra!  star.  <  llmt  ts 
similar  to  CRI.  8099  may  be  a  significant  source  of  interstellar  graphite. 

Subject  headings:  infrared:  spectra  —  stars:  carbon 


t.  INTRODUCTION 

Gehrz  and  Iiriotta  acquired  a  faint  10  /am  infrared 
source  ([10  jumj  =  +  1.68)  with  the  University  of 
.Minnesota- University  of  California  at  San  Diego  (I'M 
l'('SD)  1.5  n t  infrared  telescope  on  JD  2,4  Jo.o.sJ  .luring 
a  routine  search  for  the  anonymous  infrared  source 
URL  SOW.  The  source  was  reacquired  at  [10  m"l  - 
+  1.59  fin  JI)  2,44.5.085.  Photometric  coordinates  for 
this  source  of  of  1950i  =  23!  25'"48  5  •  l'and5(195oi  — 
10°37'55"  +  15"  were  esttihlisheil  by  offsetting  the 
telescope  to  SAC)  108622. 

A  subsequent  literature  march  revealed  that  a  much 
brighter  object  ([10.4  p.m [  =  —  t.9(>)  had  been  observed 
at  the  coordinates  <*(1950)  —  2.5i,25",450  g;  U  and 
5(1950)  =  +10,d8'14"  ±  15"  bv  Lcbotsky  ct  at.  ( 19761. 
Joyce  ct  ill.  (1977)  reported  more  precise  coordi¬ 
nates  of  u(1950)  =  23l,25l"  15  0  -],  0  8.5  and  otpisO)  = 
+  l(l°.58'08"  +  5"  for  the  I.rbofsky  <7  at.  source. 

Additional  observations  during  JI)  2,418.207 
2,448,210  by  the  W  yoming  infrared  group  suggest  that 
all  of  the  aforementioned  infrared  observations  were  of 
a  single  pointlike  infrared  source.  We  conclude  ih.it 
very  large-amplitude  infrared  variations,  ranging  from 
4.7  mag  in  amplitude  at  2.8  mn  to  8  mag  in  amplitude 
at  20  /im,  have  been  observed  in  UKI.  8000.  |  In¬ 
consequences  of  these  observations  are  discussed  below. 

it.  mi:  oiist  kVMtoNS 

Table  1  and  Figure  1  summarize  all  known  infrared 
photometric  measurements  of  CRI,  8090,  Merrill  and 
Nev  communicated  tluir  JD  2, 148.088  and  2.118.875 
data  to  us  prior  to  publication.  The  photometers  .old 
telescopes  used  to  obtain  the  Wyoming  photometry  are 
indicated  in  the  footnotes  to  Table  1. 

*  Vi-itiiiil  A-trononnr.  Kill  IV.ik  N' . 1 1 i « ■  •  i . i 1  f  )!«-crv.itur\ .  v.lut  ii 
i-  o|»*  r.it'K  1  I'V  t!.u  ilim  ><\  (  ’niv ♦  r'-t l i« t * *r  in 

Avtrntiomv.  Inc  .  nii-Dr  <->n(r.til  with  ihr  Vili«)h.ii  'k  h'ikt 
I  < »ur *r ! -i  t »•  *t» 

t  Vi-ttiiu*  A-lroiwtiirr.  t  M  1  <  >D.  M-nmi  I  '-turnon  Intr.iru! 
( )l»scrvat»ir> . 


High- resolution  l\  AX~  100)  2.8  4.2  mu  and  7.8 
18  juu  spectra  of  CRI,  8099  appear  in  Figure  2.  The 
2.8  4.2  /utn  spectra  were  obtained  by  using  the  KI'N<) 
“Autopilot”  InSb  system  with  the  Kl’NO  1.8  in  'ele- 
soope  on  JD  2,148.208.  \  Wyoming  circular  variable 
filter  wheel  spectrometer  with  a  Wyoming  oil  U.i  <  D 
bolometer  was  used  on  the  1.8  m  telescope  for  the  JD 
2.448,210  7.8  18  am  spectrum.  The  7.8  1)  mu  spec¬ 
trum  was  taken  about  midday,  and  poor  seeing  caused 
the  relatively  large  scatter  in  the  data. 

tit.  l  \ r < . i : -  won  i  rum.  inti;  xki.ii  \'  xut  \  i  ions 
in  CRI,  8090 

We  conclude  that  the  photometric  data  sui.uu.tri/i  d 
in  Table  I  demonstrate  that  CRI.  8090  is  a  pmntiike 
infrared  source  which  varies  substantially  on  a  time 
scale  of  months. 

The  photometric  positions  determined  for  CRI,  8ouo 
by  l.ebofsky  <7  at.  (197ft),  Joyce  <7  ill.  (1077',  and  our 
selves  are  all  consistent,  within  the  quoted  experimental 
errors,  with  the  presumption  that  a  single  sourc  was 
observed  in  all  cases.  All  observers  (see  Table  1  ’  a  a\r 
recorded  infrared  colors  lor  the  source  which  are  in 
reasonable  agreement  with  the  colors  reported  for  URI. 
8(ioo  By  hot h  the  A Ft  Rl.  i  W  tll.er  and  I’rii  e  |o75 1  and 
A  Ft  p  I,  (Price  and  Walker  197ft  i  catalogs,  k  iirthermore, 
we  have  searched  a  o  box  eenit  ret  I  on  the  i  oordinili  - 
published  1 1 x  Joyce  <7  ill.  '  1  •  *7 7  •  at  5,  111,  aee!  2<l  a: 
t'i  a  llux  level  of  -  i  X  1(1  1  W  cm  ■'  Jim- '  and  lied 
onlv  a  single  source  to  lie  present  at  these  wavelength-. 

We  have  ruled  out  the  possibility  that  UKI.  6100  is 
an  appreciably  extended  source  bv  comparing  it  with 
the  point  sourer  7)  >  I 'eg  at  8.15  um  tin  I  (.of  mu,  using 
beams  subtending  22.(>,  118.  ami  57  7  on  tin  sl;v. 

These  t'le.isuti  eients  show  that  CRI.  8000  is  pmntiike 
to  within  llte  mails  impo-ed  lix  atmospheric  seeing 
totiditions.  ’I  litis,  .ilthough  the  authors  i|t!otcd  in  Table 
I  have  t is.  * i  a  v aiietx  ol  beam  vi,.ts  tanging  Iroiu  8"  to 
'll",  it  semis  unlikely  fiat  tin  <  1  i  t  <  ]  i.i  1 1 1  llux  levels 
have  resulted  Iron:  in  -it  uaieiitai  i  lit  t  I  .. 
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In  support  of  the  variability  hypothesis,  we  note 
that  the  collective  photometry  of  observers  other  than 
ourselves  suggests  a  light  amplitude  of  ~-2  mag  at 
5  Mm.  The  enormous  tlux  variations  from  2  to  20  gm 
suggested  by  our  JD  2,44.1,082  and  2,443,085  observa¬ 
tions  are  among  the  largest  yet  reported  for  an  infrared 
star. 

IV.  DISCUSSION 

The  data  suggest  that  CRL  3099  is  a  carbon  star  in 
an  advanced  stage  of  evolution. 

A  deep  3.07  junt  absorption  feature  (rai,,  =  0.9  with 
respect  to  the  neighboring  continuum)  and  a  high- 


contrast  11.5  mui  SiC  emission  feature  appear  in  the 
spectrum  of  CRL  3099  fsce  big.  2>.  Merrill  and  Stein 
(197(xjl  have  shown  that  the  -imult. menus  appearance 
of  these  features  is  unique  to  carbon  Mar.-..  Although 
some  objects  exhibit  307  mui  water  ice  absorption,  the 
CRL  3099  feature  is  clearly  similar  in  shape  to  the 
3.07  miii  features  in  other  carbon-rich  CRL  objects.  We 
show  the  2  4  m'"  spectra  of  the  carbon-rich  CRL 
sources  799,  3011.  and  482  for  comparison  in  f  igure  2. 

Merrill  and  Stein  (197041  have  noted  that  short- 
wavelength  emission  from  hot  circunistellar  dust 
(T. i„.i  -v.  1000  K  )  washes  out  the  3.07  mui  absorption 


X  (fi) 

I'(f;  |  .  —  Photometric  measurements  of  UK  I.  MW)  The  \\  coming  data  tar  minimum  light  are  denoted  la  open  anil  clo-cd  circles  In 
formation  concerning  the  remaining  data  and  the  plotting  swnhols  are  -ummari/.ed  in  the  ligure  and  Ishlo  t 
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X  (  fj. ) 

2  I  [ ii^li  rr-*iluMi»n  (\  -A \  10(1  ..pertra  of  CRI.  5(>‘l*>  and  several  ( ' K 1 .  comparison  sources  art*  shown.  The  spectra  of  ('HI.  790. 

501 1 ,  and  l''.’  Acre  obtained  w it li  the  K  l'\(  1  *’ An t •  »| ill* >t "  InSli  system  on  the  K  l*N(l  1  .A  m  tele-cope  in  1075  Oc lot n'r  ti road  band  pho 
totuotrv  tor  ( 5<t.  50*1')  is  aUo  d'.m'.n  flic  da-lied  line-  labeled  2000  K,  2500  K,  ami  5000  K  tepresenl  the  theoretical  conlinua  of  several 
Mar*  a  hirh  roulil  produce  the  oi..irved  enerei  output  of  (  l\  1 .  500*1.  Also  slum  n  are  the  graphite  shell  models  discussed  in  §  IV  of  the  text. 
The  norma. nation  in  A,  for  the  spectra  of  CKI.  7*W,  5011,  and  1X2  is  arbitrary. 


leal  ore  ill  carbon  stars  sill  h  as  IRC  10°216.  'Flic  fact 
t li.it  the  1.07  pm  feature  in  CRI-  511*1*1  is  among  the 
Mr  .Hired  yet  observed  is  at  least  jurlially  due  to  the 
tool  (T..,  -  5<>0  K)  shell  teni|ier,il tire  which  reduces 

-heii  e  in  '--ion  a  I  -s  5  pin.  Additionally,  t  he  constituents 
"huh  produce  this  feature  may  exist  in  appreciable 
eon.  elilr.il  mils  outside  tin  shell. 

(  in  mi- sti  ll. ir  emission  from  a  cool  shell  composed  of 
■mall  'ii  '  il  .2  pin  I  graphite  grains  provides  a  phvsirallv 
rei'oiiabie  source  for  the  --5.5  to  20  pm  continuum  of 
•  Ri.  hl'i'i.  Two  extreme  model  tits  p.  this  continuum 
are  piottid  in  Figure  2.  The  first  assumes  a  grain 
tempt  ratlin-.  /,,,.  of  ISO  K  and  a  shell  optical  depth  of 
r.  '  2.5  at  S.5  pm.  File  -ecornl  assumes  T„  --  55 0  K 
atul  r,  --  (1.2  at  . 5.5  pm.  U  i  assume  that  the  opai  it  v  for 
'in  dl  graphite  crams  is  proport ional  to  X  -  over  the 
ri  cion  of  inhrc'l  (see  Me  rrill  and  Stein  (iilinali 

l‘b  b;i.  Although  Sir  is  in  cxidcncc  front  Id  to  12.5  pin, 
it  is  a  mchcihle  opacity  source  outside  this  spectral 
region  compared  with  graphite  (see  C.ilman  I'lT  bif.  For 


both  graphite  shell  models,  it  is  seen  that  the  radiation 
short  of  '-5  pm  is  probably  dominated  by  the  reddened 
stellar  continuum. 

CKI-  50*  W  lies  far  out  of  the  galactic  plane  f 2>' ’  = 
— 1 7~ >  and  should  be  subject  to  little,  if  any.  interstellar 
reddening.  Thus  we  propose  that  CRI.  5(1*10  is  a 
"cocoon"  star  in  which  the  observed  reddening  is 
caused  almost  entirely  by  a  dense  circumsteil.tr  shell. 
Assuming  that  the  entire  luminosity  of  a  fairlv  "typical" 
carbon  star  ( -  200(1  5000  K  and  /.  —  1(1*  ltd  /.  )  is 
being  reradiated  by  a  dense  graphite  shell,  the  data  in 
Figure  2  imply  ati  absorption  optical  depth  of  r,  5 
at  2.5  pm  for  the  graphite  shell.  This  2.5  pin  optical 
depth  is  consistent  with  the  small  graphite  grain  model 
with  =  550  K  and  r,  =  0.2  at  5.5  pm.  We  note 
that  this  model  implies  '-50  mag  of  visual  extinction 
and  —  10  mag  of  extinction  at  1.25  pm.  Not  surprisingly, 
no  optical  counterpart  to  CRI-  .50*1*1  has  been  reported 
and  the  J  —  II  and  J  —  K  colors  published  by  Allen 
cl  ill.  (1*)77)  tire  comparable  to  those  they  observed  in 


i 
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other  invisible  CRI-  sources.  A  shell  radius  of  ~3  X 
1015  cm  was  derived  for  the  above  model  by  using 
Oilman’s  (19746)  Planck  mean  cross  sections  for  small 
grains.  The  8.5  pm  of  0.2.  combined  with  Oilman’s 
(1974a)  graphite  opacities,  yields  a  graphite  shell  mass 
of  ~10-5  Mz.  Thus,  if  the  gas  in  the  shell  is  ~25(l 
times  as  abundant  as  carbon  by  mass  (Allen  1975), 
the  total  shell  mass  is  -'-5  X  10” 7  .1/  . 

The  observation  that  CRL  3099  has  a  “cocoon’’  of 
considerable  mass  together  with  long-standing  evidence 
for  large  mass  loss  in  late-type  stars  (see  Gehrz  and 
Woolf  1971)  leads  us  to  speculate  that  CRL  3099 
represents  an  advanced  stage  of  evolution.  Although 
“cocoon"  stars  are  often  exceedingly  young  objects, 
the  extremely  high  galactic  latitude  (A11  =  —47°)  of 
CRL  3099  places  it  morphologically  among  the  oldest 
stars  in  the  Galaxy.  Amusingly,  Lebolsky  and  Kiekc 
(1977)  have  recently  reported  that  CRL  3068,  which 
also  lies  considerably  out  of  the  galactic  plane  (6n  = 
—  40°),  is  a  carbon  star  enshrouded  by  a  dense  circum- 
stellar  shell.  This  star,  too,  varies  in  the  infrared, 
although  with  a  somewhat  smaller  amplitude  than 
CRL  3099. 

Although  the  data  at  minimum  light  (JI)  2,443,082 
2,443,085)  do  not  yield  detailed  spectral  information, 
the  5-13  pm  continuum  can  be  modeled  by  a  small- 
grain  graphite  shell  with  Tc,  ~  300  K  and  r,  ~  0.2  at 
8.5  ^m.  The  20  /am  point  lies  above  this  continuum, 
suggesting  that  some  reasonable  fraction  of  the  shell 
luminosity  may  lie  at  long  wavelengths  at  minimum 
light.  A  straightforward  integration  of  the  2-20  pm 
flux  as  a  function  of  time  implies  a  bolometrie  variation 
in  the  luminous  flux  of  a  factor  of  30,  Even  allowing  for 
the  possibility  that  a  significant  amount  of  energy  may 
appear  at  wavelengths  longer  than  20  mn  during 
minimum  light,  it  is  difficult  to  escape  the  conclusion 
that  CRL  3099  is  undergoing  enormous  bolometrie 
changes.  Extreme  Mira  variables  arc  known  to  vary 
bolometrically  bv  only  a  factor  of  2  I  (Strecker  1973). 

The  time  scale  of  months  for  the  variation  suggests 


pulsations  of  a  relatively  high  density  region  (p  -~ 
10  7  g  cm-1)  such  as  the  photosphere  of  the  embedded 
star.  \V(  therefore  presume  that  the  infrared  variations 
represent  changes  in  the  luminous  output  of  the  central 
star  which  are  mirrored  by  the  thermal  emission  of  the 
surrounding  "cocoon."  It  is  possible  that  the  star  in 
CRL  3099  undergoes  large-amplitude  photospheric 
pulsations  characterized  by  the  mechanical  deposition 
of  large  amounts  of  energy.  These  pulsations  could 
drive  large  amounts  of  material  into  a  dust -production 
zone,  giving  rise  to  the  dense  “cocoon."  If  we  argue 
that  CRL  3099  is  radiatively  extinguished  tor  ^107  s, 
~1015  ergs  must  be  stored  mechanically.  This  could  he 
accomplished  bv  ionizing  ~0.08  \f ~  in  hydrogen, 
which  would  represent  only  a  small  fraction  of  the 
mass  of  a  typical  carbon  star. 

In  summary,  we  propose  that  CRL  3099  represents 
an  advanced  stage  of  carbon  star  evolution  in  which 
instability  against  large-amplitude  pulsations  enhances 
circumstellar  dust  formation  and  produces  very  large- 
amplitude  bolometrie  variations,  because  small  graph¬ 
ite  grains  are  extremely  efficient  absorbers  of  short - 
wavelength  radiation,  carbon  stars  similar  to  CRL  3099 
will  he  virtually  invisible  to  optical  telescopes.  We 
suggest  that  future  far-infrared  studies  max  reveal 
large  numbers  of  objects  like  CRL  3099  and  that  mass 
loss  from  these  objects  could  be  a  major  source  of 
interstellar  graphite. 

We  thank  K.  M.  Merrill  and  E.  I’.  Nev  for  providing 
us  with  both  insight  concerning  the  physical  nature  of 
CRL  3099  and  infrared  photometry  of  it.  k.  DeGioia, 
I).  McClain,  and  L.  R.  Shaw  assisted  with  the  observa¬ 
tions.  C.  Sneden  provided  helpful  comments.  This 
research  was  supported  by  the  I  S  Air  Force  Geo¬ 
physical  Laboratories  under  Air  Eoree  contract  E1962S- 
76  t -0271  and  by  the  National  Science  Eound.it:  at. 
Liquid  helium  for  testing  the  photometers  was  provided, 
in  part,  by  the  Ollicc  of  Naval  Research  under  ONR 
contract  N000!  I  71  C-0388. 
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ABSTRACT 

Infrared  and  visual  observations  suggest  that  AFGL  2636  is 
a  region  of  star  formation  that  is  similar  to  the  Q1  -  BNKL  complex 
in  the  Orion  Nebula.  The  geometrical  position  of  AFGL  2636  within 
the  Cygnus-X  region  may  be  an  important  clue  to  the  processes 
which  precipitated  its  formation. 


1 


34 


I .  Introduction 

Price  and  Walker  (1976)  reported  the  discovery  of  a  bright 
20p  infrared  source  at  the  position  6(1950)  =  20^40m42s  +  14s  and 
a(1950)  =  +42°46'  .7+1.5  which  they  designated  GL2636  in  their  catalog. 
Gosnell,  Hudson,  and  Puetter  (1979)  and  K.  M.  Merrill  (unpublished) 
subsequently  verified  the  source  and  speculated  that  it  was  multiple 
because  of  their  observation  that  the  2q  and  20p  emission  peaks 
were  slightly  displaced. 

We  have  recently  used  a  small  beam  infrared  photometer  on  the 
Wyoming  Infrared  Telescope  to  produce  a  set  of  isophotal  maps  of  GL- 
2636  which  confirm  the  presence  of  several  point-like  sources  em¬ 
bedded  in  a  small  cool  nebula.  Our  maps,  together  with  additional 
infrared  and  visual  data  reported  herein,  suggest  that  GL2636  may 
be  similar  to  the  O^-BHKL  complex  in  M42. 
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1 1 .  The  Infrared  Observation 

Isophotal  maps  of  GL2636  were  produced  at  effective  wavelengths 
of  3.61.1,  4.9u,  10  (N  band)p,  and  1 9 . 5 ( Q  band ) m  using  a  Wyoming 
Multifilter  bolometer  equipped  with  a  4.5"diameter  circular  beam 
(3.74  x  10'""'1'5  sr)  at  the  Cassegrain  focus  of  the  234  cm  telescope 
of  the  Wyoming  Infrared  Observatory.  The  beams  were  thrown  33" 
between  centers  in  declination  to  insure  that  the  reference  beam 
was  always  on  blank  sky.  Gehrz,  Hackwell  and  .Jones  (1974)  hav 
described  the  Wyoming  photometric  system. 

Our  maps,  shown  in  Figures  la)-d)  reveal  the  presence  of  two 
point-like  sources,  which  we  have  designated  IRS1  and  IRS2, 
embedded  in  a  small  cool  nebula  about  20"  in  diameter. 

A  variety  if  photometric  anJ  spectrophctometric  measurements 
made  to  study  the  caracteristi cs  of  the  GL2636  complex  are 
described  in  Table  1  and  Figures  2  and  3.  7  if;!  :  1  presents 

braodband  1. 25-19. 5u  measurements  of  the  sources  IRSi,  IRS.  and 
a  B 1  - 2 1  a  supergiant  that  lies  15"S  +1"  and  15"  E  +  1"  of  IRSI . 

Columns  3,  4,  and  5  indicate  the  photometer,  telescope,  and 
beam  size  for  each  measurement. 

The  25  resolution  2-4u  spectrum  shown  in  Figure  3  and  first 
reported  by  Gosnell ,  Hudson  and  Puettor  (  1979),  was  produced  usir.u 
the  UM-UCSD  InSb  system  with  a  17"  beam  on  the  UM-UCSD  fit.  Lrmm.  n 
152  cm  infrared  telescope.  The  beam  was  centered  on  the  GL2656 
IRSI  source.  Although  the  beam  was  quite  large,  comparison  of  the 
2.  spectrum  with  broadband  2.3;.  and  3.6,.  photometry  of  IRSI  suuoesTs 
that  con  lam  ’ ’Vi  t  ion  fro:.,  o  tn,.-r  ,o:,i  cos  is  to  .',1  complex  and 
the  nebula  was  less  bin  zu  .  We  therefore  conclude  trio  t  th"  spot’.-; 
shown  in  Figure  3  is  representative  of  IRSI. 
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III.  Visual  Observation  of  the  B  Superqiant 


Spectra  of  the  B  supergiant  associated  with  AFGL2636  were 
taken  with  the  "gold"  spectrograph ,  scanning  plateholder  and  RCA 
three-stage  image  tube  on  the  4-meter  telescope  at  Kitt  Peak  National 
Observatory.  At  a  dispersion  of  79  8 /mm  absorption  lines  of 
hydrogen  and  Hel,  are  seen  and  two  Oil  A4320-4350  feature  near  H\ 
may  be  present.  The  interstellar  A4430  feature  is  strong  and  there 
are  no  emission  lines  in  the  spectrum.  On  the  basis  of  its  spectral 
characteri sti cs  and  by  comparison  with  galactic  standards,  the 
approximate  spectral  type  of  the  B  supergiant  is  B1-B2I. 

A  red  to  near-infrared  spectrum  obtained  with  the  spectrograph 
and  extended-red  S25  image  tube  of  the  O'Brien  30-incn  telescope 
shows  the  Paschen  series  of  hydrogen  in  absorption  and  weak  emission 
at  H-(  and  [Nil]  '.''.6548  and  65o0.  This  emission  most  likely  arises 
from  the  background  HI  I  region. 

UB7R  photometry  (See  Table  1)  for  tnis  star  was  obtained  using 
the  Karr.  I  "computer"  photometer  and  a  RCA  Ga-AS  31054  phototube  on 
the  84- inch  (2.1  meter)  telescope  at  KPNO. 

■  ne  R  s uj  t ■  c i u t.  associated  w  „h  AFGL2536,  appears  fuzzy 
tn  !  -Ion  ■;  i  ?•••■!  n  the  Sky  Survey  blueprint  and  it  may  either  be  more 
tn.ui  sf  ii  ,r  .nr ruunded  by  nebulosity. 

'  ■  .  •  a  * :  on.  • .  ii  >>  ?  rv  can  be  combined  with  the  spectral  type 
'■  '  ••••  n  -  ;  i'-n  i  tv;  ami  distance  to  the  B  supergiant.  The 


*f  •  '  corresponding  to  a  visual  extinction 
t  '  ii  ib  ration  by  Via  1  born  (19/2) 
t  nl-iC’  superni.Mit  is  Mv  -  -5.4  tn  -7.0  leading 
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to  a  distance  range  of  3.7  to  7.6  kpc.  However,  this  object  is 
in  the  direction  of  the  Cygnus  spiral  feature  where  reddening  is 
high.  Very  few  spiral  tracers  are  observed  more  than  2  or  3  kpc 
from  the  sun  in  this  direction.  Therefore  a  distance  of  7  kpc 
seems  rather  high.  It  is  also  possible  that  the  UBVR  photometry  is 
contaminated  somewhat  by  emission  from  the  Nil  region  so  that  the 
colors  are  too  blue.  Thus,  the  visual  extinction  is  probably 
larger  than  6  mag  and  the  distance  smaller.  Consequently,  4  kpc 
seems  a  reasonable  upper  limit  to  the  distance  of  AFGL2635.  Wendker 
(1970)  has  established  a  lower  limit  to  the  distance  to  682.6  +  0.4 
of  2  kpc.  We  assume  a  distance  of  GL2636  of  4  kpc  in  the  discussion 
that  follows. 


IV.  Positj ons  of  the  GL2636  Infrared  Sources 

Photometric  positions  of  the  infrared  sources  in  the  GL2536 
complex  were  measured  using  the  Wyoming  infrared  photometer  with 
a  4.5"  beam  on  the  Wyoming  Infrared  Telescope.  Errors  in  these 
positions,  which  are  given  in  Table  2,  are  estimated  to  be  +  1 " . 
Included  in  Table  2  are  the  position,  of  GL2636  as  given  by  Price 
and  Walker  (1976),  the  2695  i’Hz  continuum  source  G32.6+0.4  (Wendker, 
1970),  and  the  luminous  B  supergiant  lying  15"  +  1"  south  and  15" 

+  1"  east  of  GL2636  IRS1 . 

We  conclude  on  the  basis  of  the  errors  associated  with  these 
positional  measurements  that  GL2626  is  in  fact  composed  of  the  I R S 1  - 
IRS2  complex  and  its  surrounding  nebulae  and  that  G32.6  +0.4  is 
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It  is  evident  from  the  data  presented  in  Table  1  that  the  B  super¬ 
giant  contributes  negligibly  to  the  2.3-10,:  flux  from  the  GL2636 
com pi  ex. 


V.  Discussion 


The  new  infrared  observations  suogest  that  the  GL2636  complex 
may  be  a  region  of  active  star  formation  similar  in  nature  to  the 

^-BflKL  complex  in  the  Orion  nebula  but  embedded  in  a  more  extensive 
region  of  obscuring  gas  and  dust. 

Both  optical  and  ^adio  observations  place  Gl.2636  within  the 
HI  I  region  G82.6  +  0.4  lying  at  the  Northeastern  edge  of  the 
Cygnus-X  region  (see  Kleinmann  et  al  . ,  1979).  Our  coordinates  for 
I  RSI ,  IRS2,  and  the  B  supergiant  are,  within  the  observational 
errors  quoted  in  Table  2,  consistent  with  the  position  of  G82.6  +  0.4 
given  by  Wendker  (1970).  Wendker  (1970)  and  Terzian  and  Parrish 
(1973)  have  concluded  that  G32.fi  +  0.4  is  a  compact  H 1 1  region  based 
upon  the  fact  that  the  9.5mm  and  11cm  radio  observation  are  consiston 
with  thermal  bremsstrahl ung  from  an  optically  thin  plasma  and  because 
a  knot  of  visible  Hi  emission  is  coincident  with  the  radio  source 
(„ee  Dickal,  Wendker,  and  Beintz,  1969). 

Wendker  (1970)  and  Terzian  and  Parrish  (1973)  noted  that  no 
early  type  exciting  stars  were  known  to  be  coincident  with  or  near 
G82.6  +0.4  and  the  other  resolved  Cygnus-X  radio  sources. 

Wendker  suggested  that  the  exciting  stars  might  escape  detection 
if  they  were  in  very  young  HI  I  regions  and  therefore  still  hidden 
in  the  surrounding  dust.  In  addition,  lie  noted  that  bec'jnro 
generally  high  absoprtion  values  occur  in  Cygnus-X,  searches  for 
'^rly  type  stars  require  deep  magnitude  limits. 


1 umi nous 
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We  conclude  that  the  B 1  -  2 1  a  supergiant,  IRSi,  and  possibly 

I Rb2  are  luniinious  young  stars  which  are  providing  the  ionizing  flux 
for. the  G32.6  +■  0.4  HI!  region.  Assuming  a  distance  of  4  kpc  for 

tno  star  (see  Section  III),  the  dereddened  energy  distribution 
snown  in  Figure  2  yields  a  luminosity  of  -5  x  lo\g.  Campbell 
(1979)  has  measured  a  flux  of  S00  jy  from  GL2636  at  100u. 

Presumably  this  data  point  refers  primarily  to  IRS2  and  the  surrounding 
nebulosity  and  leads  to  the  conclusion  that  the  energy  from  the 
GL2636  complex  is  radiated  primarily  at  a  color  temperature  of 
■33'  K  (See  Fig.. re  2).  If  GL2633  also  lies  at  4  kpc,  it  can  be 
seen  front  Figure  2  that  its  luminosity  is  comparable  to  that  of 
the  B  supergiant  (-5  x  lo\  ).  The  infrared  spectrum  of  IRSI, 
shows  evidence  of  a  deep  10p  silicate  absorption  feature  and  is 
very  similar  to  that  of  the  BN  object  in  Orion  (see  Gill et t  and 
Forest,  1973).  The  cool  spectrum  of  IRS2  is  similar  to  that  of  the 
KL  nebula  in  which  BN  is  embedded.  IRSI  may  well  be  a  luminous 
young  star  that  is  heating  a  knot  of  dust  at  the  position  of  IRS2 
as  well  as  an  extended  region  of  low  density  dust  which  defines 
the  GL2636  nebula.  In  addition  there  could  be  an  additional 
luminous  newly  formed  star  at  the  position  of  1RS2. 

Presumably  the  B  supergiant  is  more  evolved  and  has  dissipated 
much  of  t ho  gas  and  dust  from  its  protocloud  as  have  the  0  stars 
in  Orion.  The  [3.6]  -  [11.4]  color  of  the  supergiant  is  :J.1  mag 
suggesting  'hat  little,  if  any  dust  remains  around  it.  The  stars 
in  the  (iL263h  nebula  are  more  recently  formed  and,  as  in  the  care 
of  the  BN  object,  in  Orion,  are  still  embedded  in  a  dense  dust  coc'on. 
el  though  the  2-4  spectrum  ot  IRSI  shows  no  ovi  1- nee  of  the 
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ice  absorption  line  at  3.05c  that  is  observed  in  the  BN  object, 
a  3 . 3 Vi  emission  feature  is  present.  This  unidentified  feature  has 
been  observed  in  the  spectra  of  objects  associated  with  ionized 
gas  (see  Merrill  et  al . ,  1975).  The  ice  absorption  and  3.3u  feature 
may  be  characteristic  of  rather  limited  evolutionary  phases  and 
this  subtle  difference  between  the  IRS1  and  BN  spectra  may  simply 
indicate  a  difference  in  age.  Alternatively,  the  3.3p  emission  could 
result  from  contamination  of  the  IRS!  spectrum  by  the  emission  from 
the  surrounding  HII  region  in  the  large  17"  spectrometer  beam. 

The  3. 3u  feature  has  been  observed  in  the  shock  front  south  of 

the  6^  nebula  in  M42  (Jones,  1978). 

We  close  with  a  comment  about  the  position  of  GL 25 36  within 

the  Cygnus-X  region.  As  is  evident  from  Figure  4  in  Kloinmann  et 
al.  (1979),  GL2636  and  all  the  other  anonymous  AFG1.  sources  in 
the  Cygnus-X  region  are  associated  with  Wedken's  (1970)  resolved 
11  cm  HII  regions  which  presumably  represent  local  density  en¬ 
hancements  in  the  interstellar  medium.  If  the  distance  to  G!_35:o 
is  as  low  as  2  kpc,  it  is  close  enough  to  have  been  affected  by 

the  shock  front  from  Cygni  Supernova.  On  the  hand,  if  the 

distance  to  GL2536  is  as  great  as  4-G  kpc.  it  will  lie  on  the 
inner  edge  of  the  Perseus  arm.  If  this  is  the  cos”  it  may  be  a 
region  of  star  formation  that  was  ireg^erod  by  the  pussaeo  of  i 
spiral  density  wave.  Thus,  a  more  accurate  determination  of  tarn 
distance  to  GL2636  may  allow  us  to  identify  the  phys ica i  processes 


which  triggered  its  formation. 
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Notes  to  Table  1 

(1)  UM-UCSD  InSb  photometer  (See  Gosnell,  Hudson  and  Pueter,  1979 
for  a  descri ption . ) 

(2)  UM  multifilter  bolometer  (See  Gallagher  and  Ney,  1976  for 
details) . 

(3)  UW  multifilter  bolometer  (See  Gehrz,  Hackwell,  and  Jones,  1974 

* 

for  details  concerning  the  effective  bandpasses  and  calibration). 

(4)  UM-UCSD  Mt.  Lemmon  Infrared  Observatory  152cm  telescope. 

(5)  Lick  Observatory  305cm  telescope. 

(6)  Wyoming  Infrared  Observatory  234cm  telescope. 

(7)  This  supergiant  is  15"  +  S  and  15"  +  1"E  of  AFGL2536,  IRS1. 
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Source 
GL2636 
G32.6  +  0.4 


B  Supergiant 


T able  II: Posi ti ons  of  Sourcos_As_soc  i  a  ted 

With  GL  2636 


a(1950) 

20h40m42s+14s  +42"46 ' 42"+90" 
20,140m54s+6  +42^47' 00"+60'' 
20h40m47£.32  +  .09s  +42o45’50" .3H ’ 


20h40m46s.64+.09s 

20h40m48s.68+.09S 


+42°45 1 58" . 3+1 " 
+42c45 ’46" .3+1" 


Notes 

Price  and  Walker  1976 
Wendker,  1970 

Wyoming  Photometic  Position 
Wyoming  Photometic  Position 
Wyoming  Photometic  Position 
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Figure;  Captions 

Figure  1:  Figures  la)-d)  show  isphotal  contours  of  the 

infrared  radiation  from  AFGL  2636  at  effective  wave¬ 
lengths  of  3.6u,  4.9  u,  10j.(N  band),  and  1 9 . 5ij ( Q  band). 
The  maps  were  made  using  a  Wyoming  mul  ti  ffl  ter  infrared 
photometer  (see  Gehrz,  Hackwell,  and  Jones,  1974)  with 
a  4.5"  diameter  beam  (3.74  x  10  10  s  r)  on  the  234  cm 
Wyoming  inftared  Telescope.  The  beams  were  thorwn  33" 
between  centers.  Contours  are  in  units  of  10"  W-cm 
-li  1  -  Si'  .  The  point  like  sources  I  RSI  and  IRS2 
are  0"  1.  The  4.:.  ..ear.  is  2.6>/D  in  diamater  at 

19.6.:  on  the  234cm  telescope. 

Figure  2:  Broadband  oho tone  trie  measurements  of  the  infrared 
sources  associated  with  AFGl  2636.  The  majority  of  the 
infrared  radiation  from  AFGL  3636  is  seen  to  be  emitted 
at  a  color  tempera tur'-  of  m'.Vi;  and  is  mainly  associated 
with  the  source  IRS?.  Both  IRS1  and  IRS2  show  the  lCa 
silicate  absorption  feature  and  the  broadband  1.25a  -20. 
energy  distribution  of  IRS1  resembles  that  of  the  BN 
object  in  Orion.  The  luminosity  of  the  L>  1  -  2 1  a  supernisr.t 
15"b  adn  1  5" L  of  IR01,  which  has  been  dereddened  usinn 
;\v  6  ism  ;  (Humphrey, ,  1  '* 7 9  }  i  comp.i  mb'!  e 


to  the  luminosity  of  the  IR01-IRS2  complex. 
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Figure  3:  The  2-4;.  2',.  resolution  spectrum  of  AI  Gl_  2636  made 

by  Gosnell  et  al.  (1979)  with  a  17"  beam  is  shown  compared 
to  2.3u  and  3.6p  broadband  measurements  of  IRS!  with  a 
4.5"  beam.  The  comparison  suggests  that  the  narrow 
band  spectrum  refers  mainly  to  IRS1  with  minimal  confamii.a! -or. 
from  other  sources  in  the  vicinity.  Merrill  et  al.  1975 
originally  discovered  the  unidentified  3.3m  emission 
feature  in  the  planetary  nebula  NGC  7027. 
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